Abstract With about 200 million infections globally, Hepatitis C virus (HCV) infection is a major global health threat. The relative prevalence of hepatitis and HCV genotypes/subtypes varies among different geographic regions. Therefore, the present study was conducted to determine the prevalence of hepatitis C and HCV genotypes/subtypes in District Dir (Lower), Pakistan. Blood samples from HCV positive patients were genotyped through multiplex PCR using specific primers for HCV core region. A structured questionnaire was used to obtain information from the patients and data was statistically analyzed for different epidemiological parameters. The molecular evaluation results suggested the prevalence of genotype 3 in this study. The frequency of hepatitis C was found higher in males (P \ 0.01). Present study suggests injections received at local clinics as a highly significant mode of HCV transmission to these patients (P \ 0.002).
Hepatitis C virus (HCV) is one of the main cause of non-A, non-B hepatitis and a leading cause of liver diseases worldwide. Infection with HCV can severely hinder the liver's ability to produce bile, and its chronic infection may progress to chronic hepatitis and hepatocellular carcinoma [1] . A recent study showed that almost 200 million people around the globe are infected with HCV [2] . According to 2004 report of World Health Organization, (WHO) about 308,000 deaths per year occur due to liver diseases caused by HCV [3] . Currently, an estimated 10% Pakistani population is suffering from HCV that is higher than its prevalence in developed countries.
HCV is an enveloped single-stranded RNA virus of Flaviviridae family. Its genome is * 9600 long with 5 0 and 3 0 non-coding regions (NCR), encoding a single large polyprotein precursor of about 3000 amino acids. The large polyprotein precursor is subsequently cleaved by proteases (both cellular and viral) to release three structural proteins, the core protein (C) and the envelope glycoproteins (E1 and E2) along with seven non-structural proteins (NS1, NS2, NS3, NS4A, NS4B, NS5A and NS5B) [4] [5] [6] [7] . These proteins play important roles in the pathogenesis, entry, replication and assembly of the virus [8] . Globally six distinct genotypes of HCV (genotype 1-6) with multiple subtypes have been identified [4] having geographical variations in their prevalence, likewise the most prevalent genotype in Pakistan is 3a. The distribution of various genotypes depends on geographic area and transmission route [6] .
The common treatment for HCV is interferon in combination with ribavirin [9] . In Europe and America, the response to this treatment is about 40-70% and a sustained virological response (SVR) is noted in 10-25% of the patients [10] . It has been suggested that people infected with HCV genotype 2 and 3 are more likely to develop SVR to this combination compared to those infected with genotype 1 [11] . The genotypes 1a and 1b are more common in America and Europe, while, 1b is more prevalent in Japan. The genotypes 2a and 2b have been reported from North America, Japan and Europe whereas genotype 2c has been exclusively reported from Northern Italy [12] .
To our best knowledge, very limited data is available on the prevalence and distribution of HCV genotypes in various areas of Pakistan [3, 4] . Recent studies from Khyber Pakhtoonkhwa (KP) province of Pakistan indicate presence of genotypes 1a, 1b, 3a and 3b, with higher prevalence of genotype 3a compared to other genotypes in this province [4, 12, 13] . District Dir Lower (L) that is located in Northwestern region of Pakistan is considered one of the hot spots for HCV infection in Pakistan due to low socioeconomic status, limited standard health care facilities and unawareness of public on transmission and consequences of this disease. Since, few studies are available on the molecular epidemiology of HCV in whole KP with no such evaluation in Dir (Lower; L), present study was undertaken in the hospitalized patients of District Headquarter Hospital (DHQ) Dir (L), KP.
For the purpose of this study, a total of 100 polymerase chain reaction (PCR) positive HCV patients (aged 20-70 years) belonging to different area of district Dir (L) were enrolled during March 2013 to August 2013 in accordance to the ethical review committee of Shaheed Benazir Bhutto University, Sheringal, Pakistan. The enrollment of patients in the study was done after obtaining an informed written consent from participants. Additionally, a structured questionnaire, containing a series of questions regarding age, gender, marital and socio-economic statuses of the patients and related clinical information, was filled by each participant. All patients were clinically diagnosed at DHQ hospital, Timergara, Dir (L). The data regarding clinical conditions, history, signs and symptoms, risk factors and other epidemiological parameters were recorded in a specifically designed structured questionnaire and in association with a certified medical practitioner. Blood specimen (5 mL) was taken from each patient in ethylene diamine triacetic acid (EDTA) containing tube and stored at -80°C until utilized. Total RNA was extracted from HCV positive blood samples (approximately 300 lL of blood) using RNA extraction kit (Ultrascript TM , Anagen technologies, Inc, USA) according to manufacturer's instructions. cDNA was synthesized for the core region of HCV from extracted RNA. For the synthesis of cDNA, a reaction mixture was prepared which consisted of 4 lL of 59 reaction buffer, 2 lL of 10 mM dNTPs, 1 lL M-MuLV Reverse Transcriptase, 1 lL of 10 pM primer specific for core region, 2 lL of distilled water and 10 lL of the extracted RNA. The reaction was carried out in a thermal cycler (Techne Inc. USA) at conditions: 42°C for 60 min, 90°C for 2 min and finally stored at -20°C until utilized. A pair of specific primers [14] were used to amplify the core region of HCV genome using cDNA as a template. The reaction mixture consisted of 2.0 lL of 10X PCR buffer, 2.4 lL of MgCl 2 (25 mM), 1.0 lL of dNTPs (500 lM), 1.0 lL C-1 (sense primer), 1.0 lL of C-2 (anti-sense primer), 7.6 lL of dH 2 O, 0.5 lL of DNA Taq polymerase (5U/lL) and 4.0 lL of RT-PCR product. Genotype specific primers (designed for core region) were used to amplify most common genotypes/subtypes (1a, 1b, 2a, 2b, 3a, 3b, 4, 5a, and 6a) of HCV. For differentiation of different HCV genotypes, the genotype specific PCR mixture was divided into Mix A and Mix B. For Mix A, the reaction mixture consisted of 2.0 lL of 10X PCR buffer, 5.0 lL of MgCl 2 (25 mM), 1.0 lL dNTPs (500 lM), 1.0 lL sense primer (10 pM), 1.0 lL anti sense primer 1b (10 pM), 1.0 lL anti sense primer 2a (10 pM), 1.0 lL anti sense primer 2b (10 pM), 1.0 lL anti sense primer 3b (10 pM), 4.1 lL of dH 2 0, 0.5 lL of DNA Taq polymerase (5U/lL), and 4.0 lL of primary PCR product as a template. For Mix B, all the reagents were the same (as Mix A) except the anti-sense primers which were replaced by 1.0 lL anti sense primer 1a (10 pM), 1.0 lL anti sense primer 3a (10 pM), 1 lL anti sense primer 4 (10 pM), 1.0 lL anti sense primer 5a (10 pM), 1 lL anti sense primer 6a (10 pM). The HCV genotype specific PCR/multiplex PCR was performed using the same PCR profile/conditions as used for primary PCR. PCR products were run on 2% agarose gel and were observed under ultra violet light. HCV genotypes were determined by comparing the amplified products of specific genotypes with 100-bp DNA ladder (Fermantas, USA), used as DNA size marker. Statistical package for social sciences (SPPS) version 14 was used for statistical analysis of the data. Student t test was used to find the significance of data. A P value of 0.05 at 95% confidence interval was considered as significant.
Analysis of data generated in the study revealed that out of 100 HCV positive enrolled patients, 79 were typeable while rest (n = 21) were untypeable when screened using genotype specific primers. Covering 61% of the total collection, the genotype 3 was the most prevalent genotype (35% genotype 3a, 26% genotype 3b), followed by genotype 2a (10%). Mixed genotypes were observed in 5% of the test samples (Fig. 1a) . Genotypes belonging to type 1b and 2b were rare in the collection, with only 1% and 2% respectively. Interestingly, the viral genomes obtained from patient samples were devoid of genotypes 1a, 4, 5a and 6a, with no positive case.
To analyze the influence of other factors in occurrence of Hepatitic C infections, various aspects were considered using a standard questionnaire filled by the patients. These aspects included patient's age, gender, marital status, Parenteral therapy, barber visits, dental treatments, and patient's income. Other associated symptoms/signs with HCV, including abdominal pain, fatigue, rash and fever were noted.
Gender Hepatitis C was found more prevalent in males (78%) compared to female patients (22%). The statistical analysis indicates a significant association (P \ 0.01) between hepatitis C and gender (Fig. 1b) .
Age The highest frequency (33%) of hepatitis C was observed in age group 41-50 years, followed by age group 51-60 years (21%).The lowest frequency (12%) of hepatitis C was found in age group 20-30 years. The association of hepatitis C and age factors was statically insignificant (P = 0.944) (Fig. 1c) .
Other risk factors The results of this study suggest a strong association of Hepatitis C with parenteral therapy received at local practitioner's clinics, barber visits and with dental procedures carried by under qualified practitioners. Disease prevalence were 48% (P = 0.002; Odd Ratio = 4.368) in individuals who received parenteral therapy at local medical practitioners, followed by 46% (P = 0.161; Odd Ratio = 1.864) who visited barber for shaves etc. and 28% (P = 0.014; OR = 4.255) who received dental treatments from under qualified dentists (Table 1) . However, blood transfusions 18% (P = 0.681; Odd Ratio = 0.634) and tattooing 5% (P = 0.616; Odd Ratio = 0.485) were found to have less significant association with hepatitis C. Patients marital and socioeconomic statuses Married patients were found to have higher frequency of hepatitis C (80%) compared to unmarried (20%), and a significant association (P = 0.001; Odd Ratio 5.571) was found between these two variables ( Table 1 ). The data related to socioeconomic status (Table 1) show that those individuals having monthly income of up to 10,000 Pak rupees (& US$ 95.3; US$ 1 @ 104.83 Pak Rupees) were more affected with HCV (43%), followed by those belonging to class having Rs. 10,000-30,000 monthly income (35%), while least infection of HCV was observed in patients having [ Rs. 30,000 monthly income (22%). However, apparently these differences are very large and statistical analysis showed that socioeconomic status is not significantly (P = 0.479) associated with HCV.
Signs and symptoms associated with hepatitis C infection The important signs and symptoms of HCV infection were investigated in this study. The less common associated symptoms/signs with HCV were abdominal pain (12%); (P = 0.472; Odd ratio: 0.585), fatigue (18%); (P = 0.536; Odd ratio: 1.75), rash (3%); (P = 0.616; Odd ratio: 0.485) and fever (15%); (P = 1.808; Odd ratio:1.75) (Fig. 1d) . The other occasionally associated signs/symptoms were anorexia (6%); (P = 0.082; Odd ratio: 0.223), lethargy (13%); (P = 0.148; Odd ratio: 5.120), jaundice (14%); (P = 0.262; Odd ratio: 3.733), upper quadrant pain (10%); (P = 0.32; Odd ratio:0.308), loss of weight (9%); (P = 0.353; Odd ratio:2.581),nausea (7%); (P = 0.393;
Odd ratio:0.469), poor appetite (8%); (P = 0.434; Odd ratio:0.460) and headache (9%); (P = 0.434; Odd ratio:0.460).
According to modern scientific belief, factors such as duration of a person's HCV infection, their HCV viral load, gender, age and geography may play a key role in determining their response to interferon and other such treatment therapies. Current studies have also suggested that HCV genotype/subtypes may influence the possible response to interferon, or interferon-ribavirin combination treatment. The severity and progression of the disease and its response to antiviral drugs is dependent, to a great extent, on the particular genotype of the virus [15] . Thus, there is an increasing interest in genotyping of HCV around the globe; it may be useful in development of vaccine and therapeutic strategies. The information about the HCV genotype is very essential particularly in a country like Pakistan, where substantial data is unavailable for prognostic implications of the disease. Therefore, there is still need to perform further studies on these parameters which will shed further light on these aspects. The present study was performed on hospitalized patients to know the prevalence and genotypes of HCV in general public of District Dir (L).
HCV prevalence in Pakistan is highest in the world, ranges between 2.4% to 6.5% among adults [16] and 0.44% to1.6% among children [17] . The prevalence of hepatitis C in Pakistan varies in different provinces and is estimated to be higher in Sindh and Punjab provinces of Pakistan (5-6%) than other provinces. The HCV sero prevalence in biggest cities of Pakistan is 13.4% in Peshawar [18] , 15.9% in Lahore [19] , 5.31% in Islamabad [20] , and highest (20.6%) in Faisalabad [21] . To our knowledge, the prevalence of hepatitis C has only been reported in five districts of KPK which include Buner (4.57%), Mardan (3.69%), Risalpur (3.40%), Abbotabad (8%) and Peshawar (13.4%) [18] .
There is no such information regarding the prevalence and genotyping of HCV in District Dir (L) of Pakistan. Idrees et al. [22] reported that genotype 3a is the most prevalent (48.23%) genotype in KPK, followed by genotype 3b (19.07%), while in 6.19% individuals the genotype was untypeable [23] . Another similar study reported that genotype 3a was the dominant genotype (34.1%) in District Swat (neighboring district of Dir [L]), followed by 2a (8.1%) while genotype 3b was found in 7% of the population [24, 25] . In the current study, genotype 3a was found to be more prevalent (44.3%), followed by genotype 3b (33%), while 6.3% of the patients had mixed genotype and 21% remained untypeable. As expected, genotype 4 was not identified in our current notion which is again in agreement with the previous studies conducted in Pakistan [26, 27] .
In current study, the prevalence of HCV was found highest in age group of 41-50 years (33%) and the lowest in age groups of 20-30 years (12%). Similar results have also been reported from other parts of Pakistan such as Sindh and Peshawar where the overall prevalence was found to be higher in middle aged people than other age groups [18] . This higher rate of prevalence in these people may be due to lack of awareness, use of unhygienic and unsterilized syringes, repeated use of razors and contaminated scissors.
The higher percentage of HCV infections was found in male population (78%) as compared to the female population (22%) as shown in Fig. 1 . The higher prevalence of hepatitis C in male individuals may be due to their greater exposures to outside environment as compared to females, and male predominance in Pakistani society (as tradition males are allowed to visit the hospitals for handling and look after the patients). Workload burden and the habit of taking no rest/little rest in the male individuals may also be the possible cause of high prevalence of hepatitis C in men.
In present study, the main routes of transmission of HCV were found to be the use of contaminated injections, blood transfusion and frequent visit of customers to barber shops. Previous studies on the transmission of HCV also indicate that this virus is mainly transmitted through blood transfusions and using unsterilized syringes [28] [29] [30] . It has also been reported previously in Pakistan that HCV is transmitted through visiting barber shops that use unhygienic materials [19, 31] . In the present study, it was found that 46% of patients have a history of visiting barber shops, so they may be infected there. It has been observed that majority of barbers (90%) did not wash hands, 80% of them did not change their aprons and more than 60% of barbers did not change their towels after each use [32] .
The prevalence of hepatitis C was found higher in married individuals (80%) as compared to unmarried patients (20%). This high prevalence of hepatitis C in married individuals may be due to their sexual contact [33] .
The present study provides basic information on associations of clinical and epidemiological characteristics of HCV infection and genotype distribution in patients of Dir (L), Pakistan. Despite of small sample size and limited study area, the current findings may remain tentative. Thus, a more comprehensive study on large sample size and further analysis will be required to give an evidence of association of HCV infection with clinical and epidemiological characteristics.
